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The Technology App l i ca t ion  Center  (TAC) is  
one of s i x  NASA-sponsored, n o n p r o f i t ,  re- 
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PREFACE 

L .... 

HYDROGEN ENERGY is a continuing bibliographic summary with abstracts 
of research and projections on the subject of hydrogen as a secon- 
dary fuel and as an energy carrier. 
in January, 1974 and is cumulative through December of 1973. 
Additional copies are available from the Technology Application 
Center, as are the quarterly update series for 1974, 1975, 1976, 
1977, and the first quarter of 1978. 

The first volume was published 

P 

This update to HYDROGEN ENERGY cites additional references identified 
during the second quarter of 1978. It is the second in a 1978 
quarterly series intended to provide "current awareness" to those 
interested in hydrogen energy. - - 

- For the reader's convenience, a series of cross indexes are inclu;?ed* 
which track directly with those of the cumulative volume. See 
"Guide to Use of the Publication. '' - 
A library containing some of the articles and publications referenced 
in this update and the cumulative volume has been established and 
the Center will, on a cost-recovery basis, aid readers to obtain 
copies of any cited material. Although a considerable effort has 

are encouraged to bring any omissions to the attention of this Center. 
.-. been made to insure that-the bibliography is complete, readers 

The Technology Application Center is one of six Industrial Application 
Centers established by NASA's Technology Utilization Program to 
evaluate and disseminate new technology to the general public and 
commercial business. 
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GUIDE TO USE OF THIS PUBLICATION 

A number of features have been incorporated to help the reader use 
this document. They consist of: 

-- A TABLE OF CONTENTS listing general categories of subject content 
and indexes. More specific coverage by subject title/keyword and 
author is available through the appropriate index. 

-.-- -- CITATION NUMBERS assigned to each reference. These numbers, with 
the prefix omitted, are used instead of page numbers to identify 
references in the various indexes. They are also used as TAC 
identifier numbers when dealing with document orders: so please use 
the entire (prefix included) citation number when corresponding 
with TAC regarding a reference. An open ended numbering system 
facilitates easy incorporation of subsequent updates into the organi- 
zation of the material. In this system, numbers assigned to new 
citations in each category will follow directly the last assigned 
numbers in the previous publication. The citation number of-the 
last reference on esch page appears on the upper right-hand corner 
of that page to facilitate quick location of a specific tern.. 

--- A REFERENCE FORMAT containing the TAC citation number, title of 
reference, author, corporate affiliation, reference source,-contract 
or grant number, abstract and keywords. The reference source tells,- 
to the best of our knowledge, where the reference came from. If 
from a periodical, the reference source contains the periodical's 
title, volume number, page number and date. If for a report, the 
reference source contains the report number assigned by the issuing 
agency, number of pages and date. 

-- A n  INDEX OF AUTHORS alphabetized by author's last name. A reference's 
author is followed by the reference's citation number. For multiple 
authors, each author is listed in the index. 

-- An INDEX OF PERMUTED TITLES/XEYWORDS affords access through major 
words in the title and through an assigned set of keywords for each 
citation. A reference's title is followed by the reference's cita- 
tion number. In the indexes, all the words pertaining to a refer- 
ence are permuted alphabetically. Thus, the citation number for a 
reference appears as many times as there are major title words-or 
keywords for that reference. The permuted words run down the center 
of an index page. The rest of the title or keywords appear adjacent 
to a permuted word. Since a title or set of keywords is allowed 
only - one line per permuted word the beginning, the end, or both . 

ends of a title or set of keywords may be cut off: or, -if space 
permits, it will be continued at the opposite side of the page until 
it runs back into itself. 
of keynords while a / indicates where a title or set of keywords- 
has been cut off within a line. c 

A # indicates the end of a title or set 

- 
0- 

* - 
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378 19018 Wd ?XONTIERS 2 4  S O W  X S D  OTILER mE.?CP OPTIONS 

Abbdei-iIasetd, X.?., E l - O i f r a w z ,  X.X. ,  (Nor=.i.er:! i I S i n o z s  'Jnrv., OekalS. IL) , Oevelopment 
Analysis XssocLatzs, Inc. ,  Camnridge, .a, 1976  

(HYDROGEX F L U S . ,  ? B O T O S * ~ S I S ,  XVI3S) 

Yo i b s t z a c t  a v a i l a b l e  

Anonymous, X X A  Spec. ?u!al. SP-7043, 408 p., July 1977, CODFSN:NSS?.W 

0. '... ot!xr c'ocrunents announcad be t reen  Apr i l  1, 1977 and Jme 3 0 ,  1 9 7 7  i n  S c i e n t i f i c  and 
Technical Aercsgace 3egorzs (STMI o r  i n  I n t e r z a t l o n a l  Aerosaace Abstracts (1.U) . The 
coverage inc ludes  r eg iona l ,  z a t i o n a l ,  and in t e -qa t iona l  S R e r T f  s y s t s n s  : rssear=.i and 
Ceveloynent on f u e l s  and o t h e r  sources of enetqyy: snerbT ccnvcrs ion ,  :rans?or+, 

solar a n e r g .  
s p e c i a l  i x t s r e s t  is enerTT for kea t ixg ,  L iqh t i zg ,  f=r jower i ig  i rzcra i t  , i uz face  v e h i c l t s  , 
or o t k e r  nach ize r f .  
c i k a t i o n ,  accompanied in nos t  cases by an absczact .  

This i s s u e  of 3.erqy is a bibliography %!at Lists 1000  r e p o r t s ,  j ou rna l  articles, and , 

t:ans;lissicn, iiis--- L - S u t i o n ,  and s rorage ;  *dit!!  s p e c i a l  enphas is  on use af  hydroqen arrd or' 
Also x c l c d e d  are netiiods of  l o c a t i a q  o r  ca in9  zew %zi=:yj :?sources. Or' 

Zach e n t q  i n  :$e biblioqraahy c o n s i s t s  of  a s tandard  brb l rograohic  

, 
-. 

Cook, P . S . ,  Til&, 3.V., (Sooker CSermcal3 ant ?last:cs C S , ~ . ,  Yiaaars 3.113, !R), I n t .  
fncrgy Xoency Watsr Z l s c t r o l y s r s  worksnop, i i p ton ,  NY, Se?t. 23, i375 

(ECC)NOMICS, ZLZCTXOL'fSIS) 

Yo a b s t r a c t  a v a i l m l e  - .  I 

- 
c 

R78 1 0 0 2 1  lROCESS 7 0 R  T&p P . P E P . W I O N  OF YYDRCGZN . 
DuPont, A.A. , 3.S. ?a ten r  ao. 4 , 9 4 5 , 5 4 6  

A series or' chermcal r e a c t i o n s ,  based on calmrum vi-A water :=action, i s  Ziscussed. 

(ClD,XIUM, TIIE3MOCJE:CCXL ??.OCZSSES) 

ii78 13022  ?XESiXT .WD ? t T U E  .=OUT SY3ROGZX iX 1977 
- *  .-. 

Galland, J . ,  (?errjamon ? r e s  L t Z . ,  Elasford ,  !W, Xydragen i n  Netals, V 1, 1377, Xn Irench 
SO b s t r a c t  avaiiable 

(DECOMPOSXION, YiCXEL SYDRIDES, STORAGZ) 

3'9 15023 AS 7x2 31L 3ECiXS TO 3UX O t T  

Garre%=, I . ,  (Autonotitre Ing. ,  London, England),  V 2 : J a - j 1 ,  Y 3 ,  1977 
Yo Sbst:=ic= avariabbla 

- .. 
0 

- . -  
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Zwang, X . G .  (Texas Zniv., A u s t i a ,  TX) , Gniversity .%crofilns o r d e r  no. 77-22,97il Univ. 
of Taxas, Aus:in, TY, 1977  

Jo abstrac: a v a i l a b l e  

(SREEDINC, CCWEXC~LXLIZXTION, BYSRID .3EACTORS) 
..3 ..-. 

XanGer, G . ,  Cas Wac- at., V 25:373-377, Xuq. 1977, Zr? G e - z c ~ i n ,  X78-29Sl6  
?le z n c a s s e s  of lic:afaction, transeor:, 3rd Ziscr iSut ion  o t  n a t u r a i  gas, rogar led  

as achieved tscknoloqres ,  a r e  ~ i s s c  as a i a s i s  i z r  cmpariAq Lie corrssuonai:.g -,rocasses . ' 
,Cor l i q u i d  5ylzogea.  "e mi-? t a c t g r  i n  the  ecanomic ?ic=aze is  :he f a c t  that 5:e 
ninimum mer? ? e r  *mi: mss rqui:ed f o r  hyaragen l ~ q c e f s c = z c n  is about 13 tises higher  
t!!an :bat f o r  nat.L-31 gas l i q u e f a c t i o n .  Solar ' ae ry  nay be used i n  :fie process  g t  
a b t a i a i n g  hydr-oqen f==m u a t a r .  %a s u n ' s  e n e r g  s r i l l  be ui:hout c a s t ,  i u t  xany 
i n v e s t l e n t s  nus; be naae in orler to develop a workable system. Zstinates a r e  =de f o r  
Lbe Cevelopment sr' a complete Liquid hydrogen isGor= cSain.  3ear iaq  iil nicd ;he 
iaczoasinq Cost o f  f o s s i l  ? L e i s ,  one c x c l u c e s  :hat liquid hydrzqen can 'Lecorne comeecitive.  
a t  the SegLining of Lie 2lsc centx-,r. 

(COS': X I U X Y S I S  , ~ C C N O ~ C  TACmRS) 

- -  

- .  . . .  - ". 

KO-, V. I (Westinchowe S l e c t r i c  C o n . ,  Advanced L7erq.j Systtms D i v . ,  ? i t t s b u r q h ,  PA) , - 
(EZIDA), NTIS i4-(19SO9) 73, 77  ?., Xarzh 1977 ,  c a n t r a c t  no. EX-76-C-01-2252 

'%e s b j e c t i v e  of th i s  grogtzm is to assess  ',e t a c h n i c a l  sconomic f a a s i b i l i t y  of a 
hybrid e l e c t = o l y - - i c - ~ h e - ~ o c ~ e ~ c a i  hydrogen ;eneration jrercess, 5ased uecn the a i + c t r o l y s i s  
Or' s u l f u r o u s  a c r l .  To i o  t h i s ,  3 a u i t i - t a s k  jrogram is 3eiag c a r r i a d  .out t o  sx?erserirnmtaily 
Z e t o m i n e  t h e  o g e r a t i n g  c h a r a c c s r i s z i c s  of k e y  ?recess sc.eps ia :,'.e hydrogen-geseratizq 
cyc le  and ;o ?erfDm n-g lnecz iaq  and aconomic a-nalyses 20 %valua te  t k e  sysrem. 3urinq =!e 
s e c o n l  guar-e:, cons;le:zktle aroqrass xas .=de In  tSe a v e r a i l  3raqrzm. 

(EC3NOMICS, ZLECTXOLYSIS, .?ZSEX?C?I ??OG;ML'IS) 
.. ._ 

573 10029 OF Z'NERGY: XIT9  x 'LT'JRE 

:scoNo~IcS, liESCtJRCES, SOW? ?mE:p )  c 

5 7 3  '0030 X Y D R O G V  
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X79 10032 EXE3GY CCNSIDE-UTIONS iX :iRS POWEX SYSTZS 

Scot=,  R . E . ,  [zni-r. of Tet=oleun and .%nc:als, ;haran, SauCi Arlbia) , Sevalooment .Snalysia 
Assoc ia tes ,  Iac., Cambridge. .A, 1976 

( E L Z C 3 O L Y S i 5 ,  ZViUORATICN, SOLAX ZXEXGY) 

Xo dbStZ3Ct a v a i l a b l t  

379 10033 S:S-EI.ETZC SZQUI9 ?'EX D E T E i O P . ~ l T :  XSSESSY??IT OF C?.ITICXL ?ACO.RS, 'Tolvme IV, 

S t e e l e ,  Z.V. ,  S h a z z ,  X.J., 3ickson, Z.X., (Stanfsrd 3ese r rch  I n s t . ,  Xenlo ?a rk ,  C\), 
SU)A-76-129/4, contra-, 20.  X-76-C-33-GlL5 ,  EaA cacacion ao. 03:008598 

=than01 , Tasoiiae ?reduced by Tischez-Trapscn q m z k e s i s  , liq*&d hydrogen, l i q u i d  aetfiane , 
and electzicity were analyzed i n  to--- of c3st and e n e r w  consumption. 
Sased encrqy fa-- ?tornoted cons is t sncy  ia t h e  a m g a r i s o n  of opcions. 

SNERGZ/ECONOIMIC C3IUPAilISON OF' CDECt-JASED X L T O K O T 3 E  E X X G I  SUPOLP SYST%S 

Atcention w a s  3 c i s e C  on enezqy supply systoms :%it could  ?rovide automotive o-nerqy. 

Osiag only coal-  

~ ,._ S i x  coal-based enerqy i o n s :  gaso i i7e  =%fined f r s m  synzhecic c r x ? e  o i l  ( s y x z c d e ) ,  

. I  

378 10034 TSCiNIC-4 CZNCZ'TTS .LUQ ECONOMIC 09OSPSC~S ?OR ?57?:'2.2uAL JYDROGZY OOWER PLANTS ?03 
7- LOAD GZXZ-UTION 

Tanner, W . ,  (Domie r  Systsm G,XBEI, Zriedr ichshafen ,  Wesx Gsrmny) , Sn I n t .  Worksno? on 
Wydzogen and it3 l a t t p e c t i r e s ,  Liege, Seigium, J T ~ c . ,  (X78-13825 0 6 - 4 4 ) ,  V 1:29, Nov. 15- ' 

.WntefCore, 1377,  S n  Ge--an, A73-18847 
Xttanzion is given :a kycrogen-oxygen steam s e n e r a t o r s  and c losed  Yas-tur5ixe 

procasses v i t h  Inzerna: hydrogen-origen corrausiisn, :-do tschniques a p p l i c z b l s  =3 ?e*-;aad 
elec2tical genera t ion .  Costs of ::?e e l e c t z o l y s i s  , t h e  hydr3cen and oyrqen s t a rage  
f a c i l i t i e s ,  m d  t k e  itsdm generscors  o r  qas-cu=Siae adap ta t i cns  needed f a r  Zhe  nizrogen- 
'bxygen aower slants are arralyzed. 
p l a n t s ,  i nc lxd izg  %e absence of  ? o l i u t i n g  e-nissions and ?fie l o w  c o s t  of raw ma te r i a l s  h r  '- 
fuel, a r e  mentLoned. 

(BOILERS,  ELZCT?.OLYSIS, GAS TURBIXES) - 

1 8 ,  1376,  Xssoc. Oes Iagenieuzs Z lec t z i c i ens  Sar, ls  de L ' I n s t i z u t  Elec=zotachnique - -  

* in a d a t i o n ,  advantages of ::?e Sydrqen-oxyqen sower . - 

H i 8  10035  RYDROGZX AS a.ii E N E ~ ~  CARRIER 

Tscbegq, Z .  : :Jacir+sr; : J =  ; ( I z s t .  r'rrt Rngewandts ? h y s .  , Tech. Univ. ai&, Vienna, Austr ia)  , 
C e s t e r r .  :ng.-Z., Aus t r i a ,  V 20:333-339 ,  X X ,  Ocz. 1977,  CODEX: C)SIi!&V, ia &--man 

of  t he  d i f f t r e n t  ixetSods 3roposed f o r  t he  ?rod?crion of  hydrogen (elac=zoi:r:ic, 
tSeraac!?emical, ?hotolysis of v a t s r ) - ' a r t  cxpla iced  and comared .  

?avorable co,anen;s a r s  l isct lssed in r e g a r i  z3  :he "kydroqer. aconomy;" =he 2 r i n c i p i e s  
.-. 

(Z?JZXGZ . ~ S O U Z C S ,  GXXU w c z a ,  E I ~ R O G Z N ,  ?F~OODUCTION) 

Tschegg, E . ,  : iascnter,  O . ,  ' i n s t .  %r Xnsewandte ?hys., T+ch. 5niv. Xien, Xien, Aus t r i a )  , 
C)estet=. 1 2 9 . - Z . ,  Xustzra, V 20:386-392, 911, 50 r r f s ,  YOV.  1977. C 9 D E N :  O S I Z A V ,  in 
Gsman 

;round zzanspor,, zs an anerT1 c a r r i e r  fot bousenoLd 2nd x d c s = z i ,  and t x  s to rage  and- 
. ' iotriSutzcn of 2ydzogen. . 

TSrs =o-v~=w .'ea23 wi:n hydrogen as a peak-nq ?ewer source,  as 3 :-Le1 f o r  a x  qnd - 
(9ISTXIaUTION. --, STORAGZ) - - - -  - 

3 



10040 

(Wi!wrhei&orgurisatie TNO, Xpeldoom,  Xetherlands) , 23 ?., Sept .  1975, C2A17305, Z Z  
c i t a c i c n  so. 0 2 : 3 5 3 5 7 3  
.Xvail:.XTIS, US Sales only 

ot!!er resources  3r3 <omraant were inves t iga ted .  A scenarx I s  2reserited on the  zaze a t  
whic!!, dur ing  ',*.e :=ansition ae r iod ,  bydroqen can be in==-dcced i n t o  =.',e Sut=h ecsnomy. 
?z?ducti?n, s to rage ,  tzansinission acd d i s t r i b u t i o n ,  ewironment  and sa i ecy ,  am! 
St:lAza=mn in s t a t i o n a r y  vuni:s ar.d vehicies are cznsiLered. It c3ul& b e  concluced <kat  
tbere are no s e r i o u s  objec t&cns  Li conzect ion w i t h  :he z z a n s i 5 o n  t o  the cse of hydroqen 

1 
1- 

The consequences of the s h i f t  €ram fossi? .  t3 o t h e r  snerqy souzces ts :he e x t e n t  t!!ac i 
. .  , c '*-. 

I 
~ i s  fwol. 

. I  s a  10039 ZXVIXINXEXTJTU XSSPSS~=XT OF TEE YPCXS ? ~ O C Z S S ,  Monthly ?r?gresa Repor,, ,xay 1- 
.Xay 31, i977 

i 

c 



~ 

20503 

2!I!N3 I I PRODUCTIOCJ 

t 973 23006 -OR? OF EDTIOGZII 2IIODUCTION IX X ?SOT3ELZCTXOC:CYXCX, CSLL 

Sockris, J.O'Y., Yosaki, It., (TLinders L'niv., Bedford Park, A u s t r a l i a ) ,  Ccvelopment 
.Analysis Associa tes ,  Inc. ,  Cambridge, .a, 1976  

Xo c b s t r a c t  a v a i l a n l a  

I (EFICISXCY, JEIOTOCIEXISTRY, TITAVIUM OXIDES) 
, . L ... 

978 20007 E'LCXOCILWCXG ZXEXGY CCWERSIQN, IT, UTILITIES , Y ! X E  XIVD S?ACZ .L'PLiCXTIONS 

t i izschleld,  ?., Xech. 3g., V 99~23-34, Y7.  Zuly  1977 

I 

No a b s t z a c t  ivarlabbie 
. I  

(?JIGXZL-CXD~~X ~AF-RXZS, VEBIS~ZS, SGLFJJR T-PIOXIDEI 

Yuttai - .  L . J . ,  (c;E C J . ,  Wilaxigtan,  ! G I  , ht. J. 3yd:3gen Zfierjy,  V 2:395-403. X 4 ,  1357, 
C3DEZI : IJS23X 

' 3 e  key t o  :he ap9licabili:I of watsz alectzolysis as a neans :?r qene r s t ion  a f  
5Jdzogen i n  buLk cu.aiti::ss is :he =chievenen= of S ~ q n  s?5 lczaac ie s  (i.a., over  30  ?e:zent) 
at hi5h  anougn x r z o n c  c e n s i z i e s  t a  kee? :.',e c a p i z a l  cgsts wi=Sin ecmomic bounds. The 
s o l i 2  ?ol:mer e l o c t z a l y r a  ( 9 T E )  water e l e c t r a l g s i s  Zachnoloqy developed b y  Lie General - : I 

500 A / f t S ,  and z.i zesulzs  of r ecan t  Laboratory toscixg show 1 a o t e n t i a l  fo r  mcro-asing 
t3is to 2000 x / d  wichia <?e n e x t  10 years. The design 2nd development s t a t u s  cf a 
scaled-up e l e c t r o l y s i s  csll s u i t a b l e  for l a rge-s ized  hydrogen ceneratzon ?lants is 
descr ibed.  S s t i a a t e d  c a p i t a l  c o s t s  and ogerating c o s t s  a r e  ? r o j e c t e c  f r o m  which Lie 
r r s u l t a n t  Sydr3gen c a s t s  arr ca lcu la t ed .  

Zlectrz= C x p a n y  is :ow lemons=ratiag Liese 3 f l i c i e n c i a s  at curzzn t  d e n s i t i e s  ZQ t o  - i 
~ 

I *  
- 

! -  ( DETIEL3P-%ZY2, ZTFICI?NC7LS) 

_-. E73 20009 ?OSSf3ILXZIZS TOR IXP?.QOVI3G TXE ZLZCTIOLPSIS 31  XA?ER I N  AiXALiXE SOLSTIONS 
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9 7 3  2 9 5 9 4  . W b ' T S W  OF 3 2  ?O?S?JT=;J. ?OR TSE ' J S E  O F  XUCLZXt 'FACTORS ?OR SYDROGEX ??OOUCTIGN 

Xcrley,  N.G., :aajcock znd Wilcox Ltd., Landon, 3.iC.1, Zne'rT! a i s . ,  London, V 6:40-44, X 3 ,  
Jane L977 

Yo a b s t r a c t  ava i l ab le .  

(ELZC=XOLYSIS , FQRSCASTIXG, ?LXNNISG) 

R78 21006 I3REVEXSI3ZLITfES SN THEXXOCSEYICXL CYCLZS ?OR HYDROGZX BRODUCTION aY HATE8 
DZCOIWOS I T I O N  

Csx, R.E., Natarajan,  X - ,  (Univ. o f  New .xexico, Xlbuquetque, SM) , ?roc.  of '-he 12th 
a '... Xataraoc. Zneqy  Conversion Snqna. Conf., V 1:947-950, '12 refs, Aug.-Segt. 2 ,  1377, Am. 

Nuclear SOC. , ISZE, e t  a l . ,  Washingtin, D . 2 .  
Shown a r e  m j o r  L r r e v e r s r S i l i t y  qa ins  occurring ius t o  Large t x o t k e - d c  hea t  Losses,  

as well as due t o  sepa r s t ion  work. TSe use of s o l u t i o n  c k e a i s t r y  an& 3as anase rsoac=ions 
w i + A  condensable j r o a u c t s  nay =e ways to deczease -,he i z z e v e r s i S i l i t y  i.? t h e m o c k s i c a l  
cyc las .  The i z r r v e r s i 3 l i = g  is fouiid t o  v a r j  with =he thermal e f f i c i e n c y ;  the  Lower Lie 
i z r s v c r s i S i l i t y  ?reduced, :he hi-jner =he c y c l e ' s  a f f i c i s c c y  . 

. *  

(CONDEXSMZ ?XOODL'CTS, SOLUTION CSEXISTXY, '?iA'EX 3ECSMPOSITION) 

E173 21007  LASL TXEiCYOcSZYXcxL BYDROGZX ?mGXAiY STA'XTS ON OCTOBER 31,  1377 , 
- *  

COX. X S . ,  30wnan, X.G., (Los Al-nos S c i e n t i f i c  Lab., Los Xlamos, X N ) ,  .;Mual 30Z Chemical 
Energy Storage and Xydroqen Eaerq Sys tems Cantract Elevrsw xt;. , Yov. 16, 1 9 7 7  

t:rcles u s n g  s u l f u r i c  acrd as an into-qediate  zre I r scussed .  

( a . x s A m  STJXTZ'S , SL-G~IC ACID) 
v 

c 

3e 3en i ,  G. ,  (Curatam and Comitaco Sa t iona le  -,er L'Saerg ia  Yuclaare,  Centzo Comune di 
Ricercke, Isura, :',sly) , In  In t .  :Jortshop an 3ydr5gen and izs ?s tsgec=ives .  Liege, 3eLqiu3 ,  
?'roc., (X78-13825 06-44] , V 1:19, Xov. 15-18, i976, Xssoc. des Inges ieJzs  Zlec=z:crsns 
Sortis fe i' I n s t ~ t r t t  Z:ect,-otschnique xonts-iiorp, 1977, X73-ia835 

AtZention is given to such gr?posed water -sp l l t= ing  the-9ochernical spc l+s  3s t h e  
Sydro1:rsis of  c a l c i q a  bromide, i r an -ch io r i l e  cyc les ,  ma Lynri5 c y c l s s  invo lv izg  o u l l - r i c  

-. - . ac id  decamposi:icn. Carnutar  codes wri t t en  f o r  -* ,.e svaluacrzn of 5.e 5emal  a f f i c i e n c : ~  
and Lke hea t  cou?lLiq a2 chemical ?1Hixts with hea t  sourzzs  a r e  reviswed, w i t h  emphasrs on 
t h e i r  u t i l i t y  as :herz.ocSemicai c y c l e  desiqn aids .  %her cons idera t ions  r e l evan t  to the 
d e s i q n , q f  cyc le s  include the c o s t  of  separa t iaq  z a t e r i a i s ,  srobierns i n  t ie  fluicifisa~icn 
sr' solLzs, and :.'.erzmiynamrc Ir-uzs r e l a t e d  eo ;he n d e r  zf r eac t r sns  in  ?u=o and kybr r l  
cyc le s .  X s u l 2 J r  2iox;:e-iodize cyc le  vnich 'ises i\xces5 liquid sulf .Jr  a ioxide  as 2 neans 
for se?a ra t ing  hydriodic  ana sul,'u=ic ac id  5s held t o  be  very aromisiag.  

! EXERGY TSCSNOLSGY , SiiLTURIC XCZD , TUE-XYOCYXXISTRY) 
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978  21010 73ODUCTI3N ?f B V D R O G Y  3 Y  TIIE?.!MOCEXICAL ?EACTZCNS 

Koffran, H . ,  (Univ., Irlsngen-?luerxbezg, Erlangen ,  Germany), Chem.-1ng.-Tsch., V 48:87-40 ,  
92,  Feb. 1476 ,  ia G.=-rnan 

90 aks t r zcz  s v a i l a b l e  

H78 21011 RNfS23 ELOW SHES? XXD P90CSS DESiGX ?OR TEE ZnSe T3EZYOCHE.XIC.U CZCL.2 

Arikorian,  0 .S., Ctsuk i ,  3 .a.,  (Ca l i zo rz i a  unrv. , Lawrancs Livernor2 Lab. , Live-qor=, U) , 
L1 $., O c t .  2 7 ,  1 9 7 7 ,  Rept. no. C3NP-77131-1, c o n t r z c t  no. W-5405-ENG-48, COE .Annual CSern. 
Snergy Storage  and Sydroqen Znerqy System Contzac+s Revzew, 3a l t imore ,  3D: Xov. is, L977 
Xvai1:NTIS 

m '-.. 

The au tkor s  have c s r p l s t e d  a ? r e l h i x a r y  ?recess c?esiqn, : I C ~  s h e e t ,  and w economic 
The ~ O U ? C  of ana lys i s  of an h p r o v e d  ve r s i cn  of t h e  ZnSe cycls  l o r  bydzoqen ;rad.uczion. 

ZnSO4 ~ i a t  needs Zo be  decomposed a t  high temperaturss has Se ta  roduced by a i a c t s r  of t w o  
i n  <?is :evised c y c l e ,  3 e r s S y  50th lowering c v e r a l i  heat raquizanents  and ;areading o u t  

iiqrovernents have been zchieved in  both cycle  e f f i c i t r i c y  and equipmen= cos f s .  A 8 s u ~ ~ n g  a 
'VZT2 xuc lear  reacts= h e a t  sourcs  and incoraora t inq  s g e c i a l  equiaaent  designs f 3 r  c r z t i c a l  
steps i n  the  c y c l e ,  ire now ob ta in  an o v e r a l l  c'rcla e f z i c i e n c y  of zbout 40 ?e rcen t  an& a 
hydrogen production c s s t  of about $U/G;.  l e  be l i eve  :hat :his c o s t  is conserva t ive  at 
this ? o i n t  of cyc le  cievelopmcnt because a e  Fngut data on r eac t ion  rats5 snd P-qui?ment 

t t c  grime h e a t  roquxad mer a broader temperatzre zaaqe tSan befDrz. C s r r a s o o n c i n q  . I  

l i f e t b e s  have been c o n s e r r a t i v e ,  and t h e  analysis has n o t  Seen u p t i a i r e d .  -. 
(LCONOMSCS, t E l C  SELZIDES)  

Xrfkorian,  O.Z., ?earson,  Z.A.,  O t s u k i ,  H.J., Zlson, O . E . .  (Cali 'ornia Uciv., Lawrence .- 
Livermare Lab., Liva-qore, CA, Z U ) A ) ,  17 ?., A p r i l  L3, L977, WeQt. no. t3NF-775436-1, 
Contracz no. W-i4OS-L?IC-JBl Therxochem. iiydzqen R e s .  Xtg., O a k  Xidge, TN, Apr i l  i3, 1 3 7 7 -  
Avail  :STIS 

?,Le ZnSe t h e - n o c h e a c a l  cyc le  has been mdiz'ied r e c e n t l y  Z o  conver t  tzCL2 d i z 9 c t l y  to 
ZnO and reduce tSe mounr of ?nSO4 t h a t  needs 50 be decomposed a t  h i#  :emuerataras. The 
zodi2 isd  c y c l e  snows s i q a i f i c a n t  advantaqes In eff icr t lncy and ?recess 5esi;n. E q l o r a t a r y  
:esearzh 3n t h e  reaczion,  ZaC12 (1) + 320 (9) i n p l i e s  ZaO (s) - 2 S C l  ( g ) ,  showed Lie 
ro-actioc r a t e  be q u i t e  zaFi2; i . e . ,  5 3  s e t c e n t  of squi l ibr iuin keing att irzed i n  2 8  it 
300 K. 3 e t z i l e d  rasearch  has also keen zcnducad on  :;le kinetics and xecnacism of 
2ec=m=osition 3f 923*. X a racess  2esiqn and. economic analysis of  the 2od i f i cd  cycle  
indicates :he r'ollowinq: o v e r a l l  t h e r n a l  e f f i c i e x y  is i pp rox ina te iy  4 2  S e r c m t ,  ana 
bydroqen jroduc=ion cast is approx i sa t e ly  S13 .22 / lO0  :cj F a  1 3 7 6  dollars l o r  2 ? h a t  
?reducing 2 7 , 0 0 0  kg :Iz/h. In  :he ;94-C'J3OR cycle ,  a t tempts  2Sus f a r  to Convert  C S 3 3 8  'Lo 
CIfq by r e a c t i o n  u i t h  setal  oxides and SO2 have l e a  t3 maccep tab ly  high imounts 3f 520, 
C32,  and organic cmpounds IS by-produczs. I n  f u t u r e  s t u d i e s  on t h i s  cyc le ,  fire Lower 
oxides 3f As, Sb, and '7 w i l l  b e  explored as re-d'tcinq a g e x s  l ~ r  CX3OK. 

..-- 

(COST, ZTPICZENC'I , ??.ODUCTION) 
. _  
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Sayigh, A.X., Sabbagh, J . X . ,  Abdul-Sal-, E., Ab\bdul-Azetn, E.X., (t'niv.  of -Riya6h, Riyadh, 
Saudi Arab ia ) ,  2emispment A n a l y s i s  Associatas, Inc., Cambridge, YA, SeliotechnLque ar.5 
Development, 7 L ,  1976 

No abs t r acz  a v a i l & l e  

(BROMIXE CDMPOCNDS , I 3 O N  CWPOWCS ZIXC COMPOUXDS) 

978 21017 TSOTOL'ISIS OF NATZX .LVD PSOTORSDUCTION OF NZTXOGZX CN TITANIL?  DIOXf3E 

Schrauzer,  G.N., Guth, T.D., (Univ. of C a l i i o r n i a ,  S a n  Diego, C A I ,  J. Xm. Chem. Soc., 
v 9 9 : 7 i a g - n 9 3 ,  ~ 2 2 ,  OC+. 26, 1977 

Xo a b s t r a c t  a v a i l a b l e  
L ..-. 

(CATALYTIC EFFECTS, IRON ADDITZCNS, TITANI'JM OXISES) 

Schuster ,  J.3., ?.cosel, J.L.Zr., !4cCorkle, 3.8., Hysels, X.Z., Yo-, J.K., O'Keefs, . ,  
D . X . ,  Sha,?, 9 . ,  S t o w e l l ,  S.X., Trester. ? . 5 J . ,  Siiliamson, D.G., (General Atomic Zo., S a r .  
Dieqo, CAI I ?roc. of t h e  L2Lk Zntetsoc. Encrqy Conversion Zsgng. Conf. ,  'I 1:920-327, Xug. 
23-Sept. 2, 1 9 7 7 ,  Xm. Siucletr S O C . ,  La G:ange l a r k ,  13. I Z S ,  e t  al., Washington. J.C. 

X t!!ree-stap thc r sochen ic r l  watet-spli-t,ing cyc le  i3 beiag  5eveloped f o r  :he ? u G o s e  
of  aroducislg hy&roqefi f x m  aonfosa i l  energy sources. This ~ { c l e ,  uh ich  enplays '  s u l 5 r  and * 

i od ine ,  cm be conduczed as xi 31: Liquid-and-gas ?rocsss, using concentzacsd s o l a r  h e a t  - -  
o r  hea t  9 r m  a high-tarnueratars -as-cooled r2actgr (HTGB) . h l i  chenical r eac t ions  have 
Seen shown t o  2rocesd rau iC ly  and c l ean ly .  
e n g i x e a a g  has Sroduced an sstinaca o f  4 1 . 4  aercent  52r .le+ =he-nai P f 5 l c i t n c y  vhich w i l l -  
b e  ob ta ined  io= =ne .?ex, f l o w  sheet. : . l a t e r i a l  cor ros ion  zesting has shown some commercral 

21 c o u o l ~ n g  t h e  cycLt t o  an 9TG3, ?rocass 

378 21019 PXODUCTION AXEETIIOD ?OR 3YDROGZN aY 5IERMOCJZXICXL DEC3iYPOSiTION O F  WATZX 

Takashi,  3., 1977 
Xvai1:NTIS 

Yo a b s t r a c t  3va i l ab la  

( IXON YYDZOXZDES , WGCSIUM OXIDES, THEZUOCsEXIC:X, PSOCZSSIS) 

.. - . . 378 21020 DE'JELO?=T OF STP,XM-IRON P X O C S S  ?OR ZYDROGZX ?SODUCTION, l r o j e c t  90 
Q u a r t e z l y  3eporz no. 1, J u l y  1-bept. 3 0 ,  1 9 7 6  

(Ins:. of Gas Tech., CSicago, I i ) ,  Aug. 1977 
xvai  1 : ?lTIS 

!lo 3bs:racz a v a i l a b l e  

( C A S ,  i 3 O N  3XZ3ESI ?ESZAXCCS ?RCGUL,S I 

0 
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Starkovicn,  J.X., Pinkerton. J.D., Eotley,  S . ,  ( ? X i ,  Inc. ,  Rcdondo Seach, C A I ,  15 2 . ,  Jwe 

T h e  o v e r a l l  o b j e c t i v e  of =.‘.e progrun is t o  develog a ? r e l i $ i x q  dssessaent  o f  =.he 
s o t e n t i a l  of a hydzoaen gener=t ion  p roc t s s ,  based  uaon r e a c t i o c s  i n v o l v i ~ g  char ,  scs-.rn, 
line, and setal s a l t  add-zives. zesrqn,  m n s i = x = r c n ,  and 7reL in ina r J  cSecioct t z s t s  cf 
t h e  e l eva ted  p res su re  i l - z i d  ked r e a c t o r  Aave bean coriaieted. A rev i tw of :.he sa2ot.r of  
opc ra t i cn  of =%e reac=az system w a s  comqleted, and T9W nanagement aFprovai :a operz te  z2e 
system for cha r  g a s i f i c a t i o n  s t u d i e s  up t o  a : e n p e r a t u s  o f  7 5 0  C and a j r = s s u r e  ~f 130 
p s i  vas granted. Catalyst  tzmsporz szucies were carnpleted u d e r  &?e Gas iz i ca t i cn  
3eac t ion  ?hysacai-t>emical ? roFer , ies  Task. In t h e  s;cdiss completed, Jotass:‘sn carkcnate  
catalyst ,  abo l l ed  t9 a hick su r face  a r e a  s i l i c o n  cazbide supgorc, s a t s r i a l  EIIC zsmersed i n  
a c3ar bed, was shown to be s o b i l a  Curing t h e  chaz-steam r e a c t i o n  and able t o  cata lyze ,  ... ’-- =Sough somewhat h e f f s c t u a l i y ,  t he  char ; a s i f i c a t i o n  r aac r ion  (3) . Gas i f i ca t ion  
e q e r i a e n t s  v e t s  c a r r i e d  a u t  in t h e  fixed-bed :eactor systeu to t e t e r x i z e  t h e  +fZ-acts 
wnic3 3 small oxygen parzial ? re s su r=  siould have on the przduct ccn=os i t i cn  2nd 
q a s i f i z a t i o n  :z.t3 a f  zke ?o ta s s ixn  carbonate ca ta lyzed  steam-char-lxnestsne reaczion. TSe 
enqineer izg  m a l g s i s  tffsrt h a s  ? a r i i l e l e c  C:e Labor i tc ry  r e sea rca  :o zSe sxtsnc that t h e  
se leczzd  h z o r a t a r y  data kave been i x o F o r i t e c  i n t o  an , q d a t e d  ve r s ion  of Lie conce? tua l  
conunerciai ?racoss Gesiqn Sar the  7% coa l  t o  ii2 process.  

( T T X S I B I L I Y Y  STU3ZES, SASIZX..ITIOXJ) 

1 9 7 7 ,  C Z w 8 Q 7  I coiltzact 30. X-76-5 -01 -2206  

. I  

.. ._ 

P 

H78 2 2 0 1 :  EDS COAL L Z Q E F A C X C N  ?ZCCZSS DEVZLOPMENT, ?base iIZ 3 mnt t i ly  Technical 
?=ogress 3epor:. Zu ly  1-Aug. 3 1 ,  13;: 

(Exxon 3esearch and Znqng. Cs., Linden, !G), 18 ?. , 1977,  zon tzac t  50. ZF-Jf-A-01-2393 . 
Xvai1:NTIS 

,coal was resulled i.7 tho 30 ?ound/Say Recycle Csal l i c u e f x t i c n  mi:. ?>e z i r i a b l a s  
i n v e s t i g a t e d  were Liquefaction r s s idence  t i m e  a d  zemperacxe. 
Coal Liquefac t ion  ? i l o t  ? l a m  csnt inued  with iiyoming sub-bituminous m a l  t o  obcain 
a d d i t i o n a l  y i e l d  infamatroc a t  longer  rrsidence tiaes t5an those ?zeviousl:r t e s t e d .  
B i t z u a o u s  c o a l  opera to r s  were then resumed t o  it*.idy <?e e i f o c z s  3f inczaas inq  &?e end- 
saint of the solvent .  There w e r e  no operat ional  jroblems and there were no rp?arent  
y i e l d  d izzerences  between the s t m & r d  solvent a d  the kigher  =.nd-poi.?t sol.1er.t. X Sigh 
m l e c u l a r  weight = a t i o n i c  f l o c c u l m t  s f f e c t i v e i y  settled bo th  iilinois Snd Xyominq coal 
r n e s  irom a xatsr  3 1 . ~ ~ ~ ~ .  This a d l i t i v e  may be used i n  tke d i spos i z ion  “ 5  c o a i  f i n e s  
from the 250 :cn/&ay Exyon Coal Liquelac=lon ?Floc 2 l a n t  t o  zn existrac r e f i z e r y  s s l i d s  
s e t t l i z g  3ond. aa igses  ~f f i n e s  Fzom s v ~ d i e s  i n  5:e Flu id ized  3ed L’ni= showed :he ash 
canto% ~f t k e  -323 i e s h  matsrial :o be z o n s i s t e s t l g  Grea ter  :hen 3 9  -a. gercsnt .  

T h e  prsc=ss v a r i a b l e  study i n i t i a t s d  du=inq ?bas* I I I X  wiz.4 Xyorninc sub-oitrmizous 

S tud ie s  on che sne :on/ga_ay 

- 

-. 

(c3AL FINES, LZQUZPACXON, ?IA‘E%IXL~.,‘TTSTfNGI 

* 
L 

3 7 8  22013 ? X ? M A T I O N  OF X COAL CONVERSICN SYSTT*vIs TZCBNICAL DATA 900K, ?XOUTCT 8979  
.Wnthl:r Statzs aepor t ,  Xug. l-Buq. 3 1 ,  1977 
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Zecent c a l c z l a c i c n s  arid meastxernents i nd ica t e  :Sat 3asal:ic zaqma is 3 new,  axc,er.sive 
source f o r  5 e l s  (Sydrogen, carbon monoxide, and methane). The 3iel prodcction grocosses 
3ave Seen found t o  c)ccu= i n  nat.L-e as *.ell as the  laboratory, 3r.d as a result, the work 
i a d i c s t e s  :hat t-Jzzent concepts gf  ;eochermal =ne=- =an te  broadened beyond produczca 
only 3'ceam and hea=. When nacpa i s  cons r i e rec  as  a Tecthe-zml resource,  i z s  u s e  f o r  =h= 
d i r e c t  Sroduczion of 5-iela should be izc lu led .  It is ?oss ib la  '53 qese r s t e  savera1 nais 
? e r = e n t  :-.yCzs,qen when watar-rich f l u i d  is e q u i l i h r i a t e d  w i t s  =he f e r rous  and Z e r r i c  i r o n  
i n  ma-. The b a s i s  of tSe h e 1  prcduccion processos,  t h e  f-iel :riel& l o r  i n j e c t e d  water 
and water plus n a r z r a l  organic  mat ter ,  and t h e  increased  g e a t h e r s a l  zssources  t S a t  wou1.C 
Sc sade a v a i l a b l e  b y  these ?rocosses are ",scribed. 

(GZOTSEX!!? lUEXGY, WCT-r'L3ID IXTS3ACTIONS) 

E73 23201 ETZZS -LVD CREMCALS PROM CXOPS 

Sungay, 3.R., Hazd, R.F., (US OcgarZnent of Znezr;y, Div. of Solar Znergy, Washinqton, 
D . C . ) ,  In  ? u e h  fzcm X a s t e ,  (XfS-27801 10-441, p. 105-110, 1077, X c s d e m i t  Szess ,  Yew Yorlc, 

art discussed .  Conversion procssaes ,Cor SOES aquacic u d  : s z r e s t r r a l  p l i n t s  a r s  
c?nsicersd.  Products of biomass conversion include syntSes ia  ?as, a m o c i a ,  s e thano l ,  
forzlaftehyde, a l cano l s .  aromatLr's, echylene,  hecerocgcl ics ,  g u n  naval s co res ,  and 
c e l l u l o s e  d e r i v a t i v e s .  .Anaeronic d i g e s t i o n ,  )yrolysas,  g a s i i i c a t i o h  f e n e n t a t i m  
processes, ana t he  rrrocucrion of hydrogen by b i o p n o t o l y s i s  sra the chief  ?rocesoinq 
nethods 2l;plicable t o  Lomass c iave r s ion .  

XY, -178-27300 
3iOmaSS convezsion j rocesses  designed t o  ?rovide 5 e l s  and chemicals i3 :he long-=a--=l' 

- -  

(91QMASS. G A S Z f C X T I O N  , X S T S  rTTILIZXTION) 

Fr ied land ,  ;. , (Dade Caunty  ?ublic Scnools, Sade Csuiity, PL) , ?roc.  or' Lte 1977 Annual 
Xeeetmg of the .a. Ssc t ion  of :.'.e In t .  Solar Znerqy SOC., V L, Sec t ions  14-25, Solar Xorld 
Meeting, Orlando, .X,, June 6, 1977 

- 
- 

?lo a b s t z a c t  a v a i l a b l e  

(9IOSYXTFESZ3, YATSRIALS TSSTSXG, ?SCTOS€XTlESfS 1 

378 23203 ?OTSNTIXLS OF ZYDROGZN PRODUCTION TBROUGX BIOPHOTOLYSIS 

Kramfitz, L.O., (Case West=-= .Xeserq Univ., Cleveland. O H ) ,  S m p .  On Claan 7.iels Ezom ' 
3iomass and Wastes. Orlando, ;z, Jan. 2 5 ,  1 9 7 7 ,  h s t .  of  Gas Tacn., C h ~ c a g o ,  IL, Xarch 
1977 

Clean file1 as 3 result of biomass and wastes is discussed.  

(ALGAE, 3ACTPXX, C.,,T..?LYSIS) 

3 7 3  23234 ?9OCESS r'3R GZXEXAA'=I!lG STNTSESIS GAS 

>?ar isn,  C . 3 ,  , Wamarop.ek, Y . Y . ,  .*:molts, 3. , (Texaco Zevelopment Cor?. , Y e w  York, ?lY) , 3 A y .  
1. 1376, ??,=.an-, no. :,249,95:/C, G a m  

* ?lo abstzact a v a i i a s i e  - . -  



The c u l t u r e  of n i c o a l g a e  f o r  fs-nencatron r eacz ions ,  and L-e mnsc ruc t ron  of  
S toreaczors  conta ix inq  comaonents of ,-=sen ? l a n t s  o r  3ac=srra are ?reposed t o  . ~ t i l i z =  
?notosyntSet;c s r aces ses  f o r  t ne  a r5auct rcn  3: AyL-=sqen f.:els. In garzxular ,  t ne  =.Al=ure 
of oacter-a of Lie Tenus : I c s t t ~ c r w  2s suggesrec', f a r  aydrsgen ?roduct rcn  from 
fermentatzon: recovery of nr t roqen  ant jhos?hor*js fzzm :nrs ? r o c s s s ,  as well as f r o m  
methane productron f z o m  tSe 3enu.s :netnanoSac=er, is f s r s seen .  TCe use of  hydrogeaasa 
s p t l i e s i z e d  by a l s a e  o r  b a c t e r i a  ( a . : . ,  green algae of :ne senus icenedemcs, f o r  hydzogen 
p r o d u c t a n  ra ais0 considered. 

- ..̂  
978  23606 USZ OF S O U R  EzfEXGY ?OR DIX?CT .- TdO-SFZ XATER DECOMPOSZTION CYCLZS 

Bilgen, S . ,  (Ecole ?olytec.hnicjue, .Wntzaa l , ,Canada) ,  DuCarroiz, H., foes .  Y. ,  SiSiexde, ?., 
(CIRS, Laboratoi=e des Ul:ra-3efractairesf Cce i l lo ,  ?y renees -Or ien ta l e s ,  F t a n c a ) ,  Tromje,  
P. ,  (Cis, LaSora+oize r?e t'Z:ner-;ie Salaire,  Cde i l lo ,  2y t snees -3 r i en ta l a s I  ?zmcs) , tilt. 
3. Sydzogen fze:qy, V 2 : 2 f t - 2 5 7 ,  CCZ. 27, 1377, X 7 8 - i d O 4 a  

The i e a s i a i l i z y  of using concentzatad sal= 2nerqy a t  high ttmperac*&-os t o  lecompose 
wa'cer is ex?eriznencall:J demonst-ated. ?zaii;rinary s t s a i e s  show :ha+ d i z a c t  decsmpositicn 
or' r a t e r  a t  2800-2500 C is j o s s i b i e ,  and t h a t  the xain development should b e  d izec ted  
toward r e a c t o r  Zesiqn and 'Ce sepa ra t ion  o f  ?roduct gases.  On tihe o t h e r  hand, it ia shown 
List cxo-step tie--soctraaical cyc le s  lor hycroqen ?roduc=ion bre f z a s i b l e  when the  
r e a c t i o n s  are c a r r i e d  ou'c a t  app ropr i a t e  high temueratuzes i n  a solar h r x a c e .  The 
thermal 2ecamposition of z inc  o x i d e ,  s u i t a b l e  for such a two-step c y c l e ,  is s tud ied  i n  
de t a i l .  

(XYDROCEN ?3CDUC=ION,  ZIf.2MODY?IA&YIC Z F F I C I E N C ' I ,  ZIXC O X I D E S )  

- 
978 23607 S O W 2  E X E X L  LTILIZXTION: T E  ?FIOTOC?E.XIC~X, .U?XCAC.? 

Broda, E. ,  (Univ. or' Vienna, Vienna, A u s t r i a ) ,  Oeve~opmenc XnalySiS A S s O C i a t B S ,  Inc. - c 

CambriCrje ,  .a, i976 
go a b s t z a c t  a v a i l a b l e  

(SACTCRIX, PHOTOSYNTSESIS) 

378 23608 3YI)RCGZX .WD OXYG?X fROH WATER 

?let,c.*.er, S . A . ,  m e n ,  R.L.,  (Dept. of Xech. Sagng., Univ. of .%innesota, !4inneapolis, >SI, 

e q u i l A r i v m  co-onenzs of  -dater sunstance heated ta tamper3t?~-es i n  tze r a g e  2000-3000 K 
by a concent ra t2zg  solar c b l l e c t o r  1s exemplified 3y the one a+ Odei l lo- lont  Romeu, t r i n c e .  

! Z Q U I L I B R I U I  CZXFCNEXTS, ?ROOUC=ION , ZIEORETICXL) 

,.. Sc ie~ce ,  V 197:LOSO-1Q56, Y 4 3 0 8 ,  25 .zofs, Sepc. 3, 1977, C3EEN: SCIXS 
4 one-szep, 3iqh-temperature ?recess rs considered. TCe $f=' .Jsicnal s epa ra t ion  of tSe 

373 23609 S O U R  JSOTOL'ISIS OF WATER 
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3001iO I I I ,  UTILIZATION 

979 30007 FUTURE FUELS FOR X V U T  f CN 

3arzere, X., (Onera, C2atiLlon-Sous-3agnerw, Baufs-de-Seine, F rance ) ,  Congres i n t .  
Aezocautique, L3tS, ?ar23,  France,  g. 21-31, 966, Zune 2 - 5 ,  1 9 7 7 ,  L'Aetonautique e= 
L ' .u tzonaut ique,  A7 3- 1302 1 

various sources  u c i l i r e d .  
discussed.  no t ing  t h e i r  a r a c i s e  ?hys ica l  add chemical s f f e c t s  on.engi ie  opera t ion .  

:eduction and t%e deveSapment of new fuel sou:ces, s u a  3s (1) economic ana l r se s  o f  f u e l s  

A review is ?resented  of global e n e r w  consumption Fa %?-as of  %!e per ten tagas  of 
?lie1 c h a r a c t e r i s t i c s  c-rently requi red  by ai:craft anqines  a r e  

0. '--. Suggestions a r e  aade with reqard c-a Lie development of  p o l i c i e s  f o r  b o t 5  f u e l  cans;umDtion 

-. 

c u r r e n t l y  used ana thei: ?rs]ec=ed a v a i l a b i l i t y ,  ( 2 )  t he  a o t e n c i a l  combination 02 o i l -  
Cerived m d  synthec ic  fuels, and ( 3 ) t S e  c rea t ion  of wholly s y n k t e t i c  f u e l s ,  l e rhaps  based 
on aet!!ane and SyL-cgen. 

. I  

( C E X I C X L  ??.OPSRTIfS, ?OWZR SZ'FICIEIJCY t Sy?FTHE'pIC) 

i n 8  30008 TSE LxauID XPDROGZN OPTION FOR TXE SUBSONIC TXANSTQRT, A S ta tus  aepor t  

Kor jc insk i ,  P.F., (NASA Langley Research Center, Zantpton, VX) , ?roc. of t he  12%! Sntersoc.  
Eaergy Conversion Snqng. Canf . ,  '7 1~964-972, 22 r3fsl Xug. 2 S - S e ? t .  2 ,  1977, .Am. Yuclear _ _  
SOC., La Grange ?ark ,  :i, at a i . ,  Washington, D.C. 

X l i q u i d  hydrogen f u e l  opciun f o r  subsonic a i =  t r m s p o r t s  is s tudied .  la s d d i t i o n  c-3 
continued a i r  transgort i,esiF. szxdies ,  elaments of chi3  opt ion  include economical. 
s roduct ion  o f  hyazogen, a f 2 i c i e n t  Liquefaction of hyckgcen, n a t e r i a l s  isr long s e r r i c a  
L i f t  Liz 5 e l  tanks. i x u l a t i c n  n a t n r t a l a ,  i i I 2  %el i e r v i = t  and inszz i la t rocs  at , a j o r  ai= 
:s,%3als, zssessment o l  Xi? kazarts.ana :le a n g m e e a q g  2ef in i tZon of an L a 2  5;s: system 

* For A l a q e  su j son ic  passenger a i =  tzansgor t .  - 
* - 

(AIR T E E M N U S  , ECONOMICAL ??.ODUCTZON, SXSLWTION Y A T P X L .  1 

378 30009 mxwm XUD FUTURE IL'ELS FOR TRANSPORT X I ~ C W T  

Traadec, J.-?., (3i:sction Geserale  de L'Aviation C i v i i s ,  laris, France) ,  Trsnce 
Transpor t s -Avia t im C i v i l e ,  9 .  46-41, iall, 1977, Ia French, 2178-18664 

a r e  compared w x t h  tke c h a r s c t e r i s t i c s  of the  :*&-=eat :ec X and Synthe t ic  Jec  X fue ls .  
Liquid Sydrogen'3 advanc.ages include an elevated r z t i o  3f c a i o r i t i c  yral*Le ta  nass ,  1:s 
nonpo l lucxq  cs-ustion, and the  facz tnac  i-, can be sbtar;led near ly  e v e r p h e r e  v i t h o u f  
l a r g e  t r a n s p o r t a t i o n  c a s t s .  i ts disadvantages i x l u d e  the s torage  ?rsblern, :he safecy 
ques t ion ,  ana its cos t .  Liquid ne tsane  has smaller product ion c a s t  and rnqui ras  less , 

eaerqy fa: ?reduction than l i q i d  hyG-ogen. 

(CWOGZ?IIC STORXG , XIEX? .XFASE!L"T, 3 Y 3 R O C U S O N  CUZLS 

Some of  :he has i c  c h r r c t e r l s t i c s  gf  liquid hydrsgen m d  metsane as s i r c r a f t  f-els 

978 3OOiO :G~cD'-~XYICS ST';DY OF x ~UAL-PUEL YYPSRSONIC X I X C X F T  CPJNCEPT 

(XASh. Langley xes. C a n t a r ,  Larigley S t a t i o n ,  Val , ! 5 o c . ~ ~ e e d - e a l r ~ s r ~ i a  Co., Jurbark ,  CA) , . . 
! ~ C D - 4 0 0 : ~ ~ S i - L j Z ~ I ,  'ob. L-Sa?t. 3 0 ,  1 3 3 ,  G3.-504a9 - 

90 dbs t=ac t  rva r l ab le  / - - -  
(XiXc-ur"= MODELS, J80PULSZON SPSF-Y, X I X D  TUNNZ MODELS) - .  - - - -. 

. -  
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33012  

by -5s. and k%ersfore  tke  :*:el gas  e-xhibits o u ~ e r i o r  lean-burning q u a l i t i e s  r o l a t i v e  t o  
%!e f u e l  feedstock. T'.e c m c e g t  of u s i i g  t22e v e q  5-iel-ricn > a r t i a l  oxz:',at'cm ? r i c e s s  3s 
a f izs t  scaqc 3f a two-stage cotmustion ~ys t e ln  f o r  o r j o a r d  ? r o c a s ~ i n q  of broadened 
s p e c i f i c a t i o n  ?-el5 :3 inprove t h e i r  combustisn c h a r z c z s r i s t i c s  is d i s c u s s e l .  ?or :he 
nonoptirsal :sactor Zesign used, excess ive  c a t a l y s t  bed z s r ipeza txes  and a ?ropensi:y <or  
solid carbon t e p o s i t i o n  i n  tke  bed wers obsezved. These ghenomer?a a r z  10: ? i l l y  
understood and need fc,--her c l u c i z a t r s n .  T 3 e - q l  r edc t3 r  schemes (without =atilysts) zay 
be more advantaqeously app l i ed  t o  av ia t ion  curbme snq ines ,  b u t  t hese  scheaes a lso  r e q u i r e  
a d d i t i o n a l  i nves t iga t ron  :o 5elinea:e design requzernents.  

(CATALYSIS, L I X  CfCsI: COSTS, TUX8OJET) 

H78 33009 Li:FAR AEXOSPZn ZXGINE STUDY FOR ?.EzEvsxBLE XUNCY VEEICLZS, ? i n a l  Zeoort ,  2une 
1976-April 1 9 7 7  

m ..L 

Diem, E.G., Xizby, F.X., (RocketdF.8, Canoqa ?ar!<, C X )  , X78-11082 
XvaiL:XTIS 

Parametzic d a t a  on sp l i t - conbus ta r  l i n e a r  er.gine pr~pCl3iOn syszams a r e  ;rresentsd f o r  
use i n  mixed-mde n&=qle-st=qc-c,o-orbit ( 39TO) veh ic le  s tud ias .  ? r = l i n i n a r y  design d a t a  
fo r  tslo s e l e c t r d  e s g h e  systems =e Fnclrrced. :be s p l i t  c o n j u s t o r  '*'as i n v e s t i g a t e d  f o r  
exed-%ode ope:a~.z~cs wit3 oxygen-hydr=qen ? roDe lkn=s  used i n  :he imer  combustar i n  .'!ode 
2 ,  and i n  con;unc=-oxl w i t h  t r z h e r  ox;rqen/XP-l, oxvgen/?P-j, O ~ / C ~ J ,  o r  3 , / 8 ~  S r o u e l l m t s  
i n  :be o u t e r  combustor l o r  xoae 1. Jot7  gas  ijenezatar and s t i q e d  cgutbuscion gower cyc le s  
were analyzed f o r  ?rsvidL?,lg gower t o  the t-r>opumps o t  :he znner and o u t e r  c 3 m u s t o r s .  
Xlumezous c o o l i i g  cizcuits and cool iaq  f l u i d s  ! j r o c e l l a n = s )  were analyzed ana sydroaer! -das 
s e l e c t e d  as the ? re fa rzed  coolan t  for bots  comjuscors and t3e linea: aezospike xozzle.  
The xmxhum oee:atizg ckamber ? res su r% was d e c a d n e d  t o  b e  l i i n i t sd  by Lie a v a i l a b i i l t g  af 
hydzogen c3olant j r o s s u e  drop in -he coolant  ciz=uit-. 

(W GZJERXTORS , STACZCWZFT PROPCZSION) 

luruhama, S., iXusashi Ins:. of Tech., Tok;ro, Zaoan),  Pamans, K., (Xissan 3otor  Ca. ,  itd.;- - 
Tokyo, Zapan) ,  Pamaqchi ,  I . ,  (Japan dura.  Zes. x s t . ,  Iaaraki, Zapan) ,  Znc. Z. 'ly&ogen 
Energy, V 2:329-340, 3cz. 2 7 .  1977,  X78-16050 - 
used s a f e l y  and e a s i i y ,  and is a promisiag f?al f o r  automobiles. Zowever, t h e r e  a r e  
problems x i tk  abnomal combustion and NO(X) formation. Tbis sager  discrrsses %e 
?henonenon sf a h n o m i  c m b u s t i o n  and -,resents d c o r r o l a t i m  between the abnornal 
combustion and !IO ( X I  fornat ion.  Elimination o f  t iese ?roblems was accomplished a f t a r  
seveza!. engine s o d i f i c a t i m s  and 5y an e .verzne2ta l ly  ,leveioped "combined combustion 
process.  " Tke  cha :x=ar i s t ics  of  a hydrcqen-oxvgen Sngiae with a hydrogen-rizh i-el  
mixtuze we:a a l s o  i t z d i e d .  

E q e r i m e n t a l  t e s t L i g  of kfdrogen- ITieled engines h a s  ve r i9 i ed  List hydrogen can be 

Tkis engine was found t o  Save an unexpectedly zarrcwer ranye 
:;. . of o p e r a t i o n  %?an a bytzagen-air engine.  

(COMP?.ESSION TSSTS , tUZ',-AI.S RATIO, 0PTI.XIZATION) 
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between L!e a u t 2 r  r o w  o f  in ;ec tor  e i anen t s  ~ n c !  :he ch?anber wall. ??e b e s t  arranqernex,  
which had :-dice :5e n d e z  of 3.o:es as  =hers  weza outer z3w znj9Ction eierneEtS, was a l t o  
t h e  s i z p i e s t .  7 h ~  F r f o - m n c e  S e n a l t i e s ,  ;rzsen=od 8s 8 = e i u c = s n  i n  cha rac=ar i sc=c  
c-xkaust v e l o c i t y  e f f icLeccy ,  were 3 . a  and 2.a ?ercantsge  ?oir . ts  for t h e  10 and 20 percent 
cool ing  flows, rascec=r*rely.  Tfie b e s t  f i l a - coo lan t  in;eccor was then used t o  s b t a i n  
t r o s i o n  r a t e s  Cor 1 9  a b i a t r v e  F a t a r i a i s .  The : . i s a t  zzosion race was :educed by a fac:sr 
of 2 . 5 .  wi=h a 10 ae rcen t  coolan: flow. Gniy :he nore sxqensi-re silica rheno l i c  n a t a r ~ a l s  
had low enough e ros ion  r i t e s  :a :e c c n s i t a r e d  fsr E f e  L? 3% nozzle t'.izoa+. Sowever, scme 
of L%e cheaper x i t e r i a l s  srqhc TJaliZy f o r  ase m o=!!er a r e a s  of sinall nozzlss w i t h  l a r g e  
t h r o a t  &.dPeears, where t h e  hiqher e ros ion  races L-s nore accsp tab le .  

.-. H78 33013 CXT.ALYTIC CCWUSTSON OF P R E M I E D  SYDRCGZN-AIa 

.%ti, Y .  , .Uyauchi, T . ,  Zirano, M., (T3kyo I n s t .  of Tach. , Tokyo, japan?,  Combustion and 
Flame, V 30:193-205, X2? 3 7 7 ,  .-istry of Education. Science,  and C a l t x r e ,  :tESC-985036, 

A t  tempe:at.L-cs of 1'30 IC o r  b e l o w  (whet5 n i tzogea  oxide 13 not  produced ir: kydroqen- 
air FremixeC gas) or?er=enta l  m d  Lieorac,ical i a v e s t i g a t i o n s  asp carriad o u t  sn  the  
conbustion on a catai-pic  ?latinurn f l a t - ? l a = e .  I t  is i0ur.d t h a t  ( L )  using 3 ? l a t r n u a  f l a t -  
a l a t s  as a c a t a l y s t ,  =he low-tem;era=ure (below 1100 X I  c o m u s t i o n  o f  hycimgen-air srernix 
?renixed  Cas. haring e3ncentzac'ons as low as 2-7 mole, is  p o s s i b l e :  (2)vhen 5 e  radint i - re  
s f f e c t  and t2e cmcen t=a t i3n  a r e  coasi 'ersd, ::e i u r f a c e  terngeraturo ana 90, tenuezacure 
d i s t z i j u t i o n  i n  =he boundary l a y e r  a r e  r e l l - ? r d i c e e d  by rimer-cal c a l c u l a t i o n s  : and ( 3 )  
L%e a c t i v e  2 o i n t s  of the su r face  nay be assumed t o  be hetsrogeneouslg d i s t z r b u t e d  i n  order '  
t o  exp la in  -4hy %he 3ean hyeogen  concencxation on t!!e s u r f i c e  i 3  not  zezo, and t3 e q l a i n - .  
Lie t!%in concentza t ion  boundary l aye r .  

( ? L X - ? U ' 2 S S ,  FCEL C3MSUSTION, L-RGGZX FUELS) 

~ 7 a - 1 3 4 8 5  

878 34011 FUEL CZLL W I T E  !i?CDRONIEM BETA~.U,LIMfsx ELECTROLYTZ 

Dubia,  R.R., 3 0 ~ 5 ,  X.L., (General S l e c t z i c  Co., Wilmington, a), US Pa ten t  no. 4,032,694, 
Ti led  Xuq. 26, 1976, 7atenzrd Ju.e 23, 1977 

2atont  ogerat-on a t  29 C .  

873 34012 XEN YA?SRIALS ?OR FL7,COROS'TLr'ONIC A C 3  ET2CTROL'CS ? W L  CZLLS, F ina l  Tec.hnica1 
* p o r t ,  C c t .  7 ,  1974-April 7 ,  1977 

rG20rge, X., Zanuszkiewics, S . ,  (Energy Res. Car?., Danb-1, CT) , 49 ?., AD-A044413 
3.C -+J 1 2 3 - ? , X7 3 - 12 5 3 
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bonded Xanq n i c k r l  r leczrodes  6s anodes. The cazbor. dioxide  of zke a i r  -sed iz ir? %e 
ex?e r i sen t i  r a s  =%moved xicA =he a i d  of  soCa :he. I t  xas Sound tkac :;?e 39-sddi:ive 
improves =he s ; m i l i t y  of Lie c a t a l y s t  f o r  i ong-ze r s  oper2 t ions .  

(ADDITIVES I ETLZCT30CATAL1STS, ELECTRODES 1 

H78 3 4 0 1 4  xLL'MIYJX-33Xs23 M O D E S  ?OR GXDEXWATZI .?VEL CELLS 

Urbach, H.a., Ca,-ri, X.C.,  (David 7 .  Taylor Naval S h i a s  Res. and Cev. Csnter ,  Xr,?apolis, 
.W), ?roc. of t he  12th  i n t e r soc .  % e q y  Canversion E~gncj. Can:., V 1:276-282, 3 refs, 
Xug. ?d -Se? t .  2 ,  i977, Am Suclear  soc., La Grange lark, 15, IZEZ, et- a l . ,  Nashinqton, D.C. 
Avai l  : L52E 

ineasurenent of hydrogen evolu t ion  and po ten t i a l .  . Xlso, an aluminum-oxygen f3el cell is , - ..-- examined tor i t s  7 o l a r i z a t i o n  behavior.  %e l o w e s t  r a t =  of anodic-hydrogen evolu t ion  a t  
any given ? o t = n t i a l  is steasured on h igh-?u r i ty  ai'uminun, nincg i n g u r i t i e s  teed EO inczsase 
the  r a t e  of h y d r q e n  evolut ion.  Textgeratrrrs s tud ies  on al.&nun h e 1  c a l l s  Lndicata =hat 
?over cf f ica+ncy Czogs s e v e r t l y  over  50,C. .St 5J C ,  Sower e f f i c i s n c i a s  exceeding 50 
ae rcen t  a t  a ?over Censi ty  of 138 mi/=* ;Jere obtaineh.  At 188 and 2 4 2  aa/cm2, <:e ?owe= 
efficient:? C-gppeC t o  40 ?e rcen t  and 30 percont, r s s p a c t i v e l y .  Xluninum-l i3r*m alloys 
cougled SriLi sea .dater aFpear t o  be nore t e s i z & l a  systsms than those sf ?rz=e a l u m n u n  

a c t i v a t i n g  propertLes.  

The anodic p rope r t i e s  of var ious aluminm a l l o y s  a r e  s e x l i e d  ? o t e n t i o s t a t i c a l l y  w i t h  

because of t h e i z  hi5her r e a c t i v i t y  (aower density), hijner s p e c i f i c  anerT!, and selT- _ ,  

I .  . .  

1 .  

.-. h 

. -  

e 
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43900 I V ,  TWVSIYISSION, DIST2IBUT?ON, AND STORAGE 

~ 7 8  40008 NEW .ULOY SPS'=S.XS FOR maoGEx STORAGE 

Adkins, C.X., Taylor ,  E . J . ,  (3ept .  of Waterials S c i . ,  'Jniv. of V i r g i n i a ,  C h a r l o t ~ t s v i l l e ,  
VA) , Slectzocbem. SOC., Spring Ytg., (2aeers ;a e.ut=nded srzmmar- fo-m received only)  , 
3. 932-933, .Xay 3-13, 1 9 7 7 ,  Ph i i ace l ?h ia ,  ?A,  Zlactzocbem. SOC.,  ? r i n c e t a n ,  ?l.Z 

The hydrogenation of s e t a l  a l l o y s  is s tudied  w i t 5  Lie assumgcicn t h a t  %!e 

a a r r n t  alloy. 
and appl ied  t a  the ? = T a t  systen. 

- ..- c h a r a c t t r i i t i c s  of t!!c ;net31 hydride a r e  governed by t h e  elcc=zon d i szz ibu t ions  of t!!e 
:a appraach of a l l o y  bonding tSeory ?rc:posed b y  %Sei and Srewer is wed 

(ALLOY aONDING T!TEORY, -XET-AL BYDRIOE) 

. I  

H78 40009 STORAGZ .LVD DISTIlf3UTZCN O F  W G Z  QUANTITIZS OF 3!DROGiJ 

3onat ,  G., (Zlect=icite C e  Prance; P a r i s ,  France) ,  Colonna, S . ,  (Gas de France, ?atis, 
France), Tnt. Xorkshop on 3ydragen and i z s  ?e r spes t ives  ?roc., Liege, Belgium, (2178-13826 , 
0 6 - 4 4 ) ,  7 L : L 9 ,  Xov. 15-18, 1 9 7 6 ,  Xssoc. des I q e n i e u r s  E lec fz i c i ens  S o r t i s  de i ' l n s t i = x t  
Elec=rotec.*Jlique xon te f i a ra .  L977, X73-13838 

Sb.orage af Sydrogen 3as i n  -2anconea s i n e s  and ia ?orous or se-meable caverns  
( i n c l u d i q  a n t i c l i n e s  with .mderqround aqu i f e r s )  is discussed. ;r. gene ra l ,  t echniqces  
appl ied  'sa the  s t a r a g e  ?md ==t?s?ort of na rz ra l  gas xay also be adapted to h:/d=ogen. i n  
addiz ion ,  i t = = n t i o n  is gi'ren t3 J e  storage s f  l i q . ~ ~ d  hydzcqen, -4hic.i nay allow f o r  
qaintenance i n  s p h e r i c a l  ressrroizs of  the squivalenc of LO a i l l i o n  noma1 3 3  of gas 7 A i L - i  
C a i l y  tvaporaz ion  l o s s e s  3f  l e s s  ?ban 3.05 7er;ent. X'ccmparacive a n a l y s i s  of t h e  costs . 
of tzt?s?or,Lig Sydrugen and natural qas =!!rough 2 i p e l i n e s  is presenced. 

(COST EFFSCTZ'IZXESS, GAS T?MS?ORT, P1,PBLZZIES) 

- 

- 

3 7 8  40010 .=DRCGZX CXYOGZNIC STOFiAGZ LIQUID F9R X'JTOMOTIVZ .XPPt,iClTIONS AYD 
CXADSOiCSENTS ?OR PITSLZ-UE SISTFJJUTICN SYSTSYS 

asschka, X . ,  C a e e t i s .  C . ,  (Oeutscbe ?orschu?qs m d  Versuchsanszait  Cur Laft und 3amtahhrt, 
Cologne, :Jest G e r ~ ~ m y )  , I n t .  Xorksriop an iiydrogen and izs 3ezsFectives ?roc., Liece,  

..__ ae lq iLn,  (2.78-13826 3 6 - 1 4 ) ,  v 1:21, yov. 15-18, 1975, Xasoc. de ingenieurs  2 i e c t z i c i e n s  ' 
S o r - i s  Ce L ' i n s t i t u t  E lec t ro technique  uon te i i a r s ,  1 9 7 7 ,  A73-13344 

automobile engine is desczibed, and a cr-Jogenic s ro raqe  systcn vhich would trnplsy 
adsorbent ma to r i a l s  a t  liquid ni t rogen  t e m u e r a t x s s  and noderacs j r e s s u r e s  2s groposed. 
The design of t he  c=;rogenic tank rou id  inc lude  a n e t a l  hydride co achieve 2 loss-free 
s to rage  seriod of  e i g h t  t a  t e n  I'ays. A ?rotot.fle tank w i t h  a ConuletS j r e s s u r e  and :rai%-e 
c o n t r o l  s y s t i a  has keen t a s t e d .  Low-pressure c7loqenic sto:qe f a c i l i t i e s  aakinc  sse ~f 
such adsorbencs as activated charcoa l  o r  n i c k e l - s i l i c a t s  cmqounds a r e  also zenzioned. I f  
r egene ra t ive  hea t  racovezy 23 intzoducea in== -.he system, t5.e crlrozdsorbents .nay o f f e r  a 

The  des ign  of  a compact cryoqenic tank fo r  s co r ing  Lye Liquid hydrogen used  in an 

nore s f f i c r e n t  aeans of  s torage  zhan converitAona1 Liquid 5yckoqen tanks.  . .  

. 
378 4001: TSCXNOLOGZCXL DATA 3ASES ?OR ENERGY STORAGE 
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Surface,  X.O.,  ?owe= Engcg., 3 a r r i n q t s n ,  IL, -? 31:36-44, X12, 9ec. 1977, i3 no. E1780424759  
Xvaii  :Z?gng. h d e x  

Secause of 3r3wi.19 %el  shor tages  and rnv i=omen ta l  r squ izenea t s ,  there is i nc raas inq  
ernphasis on f ind ing  s l t a r n a t i v e s  ;o fassil fzals  f a r  sower q e n e r i t i o n ,  and t o  i m p r ~ v i n g  
Cie Load Zactar o f  the  nos: e f z i s i e n t  Sase Soad i n i z s ,  ea:ker 5 y  c c n t z o l l i n g  demand, 3r by 
employing some t*Ee of  SzerT srorage.  Tecknically f e a s i b l e  near-cetszo:aGe systems 
inc lude  conventional and mcerqround hydrD-pt+ped i t o r a g e ,  compressed-air s t a r age  i c r  
combustion t-lrbiqes, t h e m a l  rnerqy s to raoc  :A e a n t r a l  ?owe= ? i a n t s ,  ind  the Lead-rcid 
b a t t e r y .  IJossible iate--=diarre-ce-- ( 1985-1900) s t i r a q e  systems f a r  u t i l i t y  xse Lncluce 
advanced batteries,  ?l7plwheels, and hyL-cqen. 5ne long-tern scorage systsm, which could 
become comgeti t ioc is a conceot of direct  e l e c t r i c a l  sroraqc i n  3uperconcucting mgnecs.  
Such a system would c o n s i s t  of a l a rge  sagnet i n  a so leno ida l  o r  t o r o i d a l  conf iquza t ion ,  
which would be cooled t o  temperatures whete the superconducking +,':ects would occur.  
Power srtpolied t o  %e c o i l  &u=lnq charping xould have ta be  converted to d i z a c t  cLtrzent, 
and gower suppl ied ay t i e  s torage  syszen du=i.-,g ?eak load would :squize invers ion  eo 
a l t e r n a t i n q  ~ ' ~ ' z e n t .  The l o s ses  o f  such a syscon would be those  a s soc ia t ed  wit!! the 
cryogenic  cool ing  and t ie  inveLL,er-converter vfstem. 

(ZLECTICTC ?OWE3 GZXETwTIOCIr) 

. - ..- 

873 40105 STUDY OF T9E POTEXTI2 -?OR 1-XPROVIXG TEIE X3XOMCS O F  BYDROGZX LIQUEFACTION 
TSROUCH T3E USZ O F  C-WXIBCGXL C9MPESSORS .LID THE .ADDITION OF X HEAVY XATZX * 

, . ". - 

P W N T  - I  

aake r ,  C..?., (Union Carbide COT. ,  Tonawanda. YY, i i n d e  D i v . ) ,  XASX-C4-L45282, 1 4 5  ?., 
Y73-15364 
Avai l  : ? I T 3  

A n  approach t3 =!e l i q u e f a c t i o n  of hydrcqen was c?eveLoped, vhich 2erni:s the 
app l i ca t ion  of icandar5 c e n t r i 2 q a l  comorassors i n  ? l a c e  of rec i2rzcs tzng  mch ices .  1 
second fluid, such i s  ?ropane, is added t o  t k e  hydrcgen ? r i o t  EO cornpression t o  3 m  a - 
m i x t u r t  having a xalecular  weight ~ u c h  gro-ataz than :hat of  hydrcqen a lone ,  so t h a t  a 
standarc? centzz5ugal  compressor c a  ne used. Af te r  compression, -,ie mixtute is cooled 'io 
cryogenic  temperatare  l e v e l s  where tke 3rooane condensas =ut of t6e mixt,s=e ana is - 
separa ted  as a liquic?. Si5ce a srcall amow.= a i  6eu te r i .m  is ?reduced during hydrogen 
l i q u e f a c t i o n ,  tke ? O t e n t i d  of recover ing  2,sucericm and s e l l i n ?  I t  as a c?-?roduc: wzs 
i a v e s t i q a t e d .  Deuterilm, ii the forn of heavy water, can be zsed in c e r t a i n  nuclear  
r e a c t o r s  a s  a neutzon moderator t o  redcce the  neutrcn ve loc i ty  and enhance ',",e p r o b a b i l i t y  
of neutron c o l l i s i o n  x i t h  uranium n u c l e i .  

(ZiT ENGINE TJZW, LiCUZD ZYDROGEX) 

v. 

-u 

378  40106 ST'JDIZS OF BYDROGEX LIQIJZPIER ZFFICIZNCY AND TSE .ECOVP,RV OF TEE LIQCEFACTION 
ZSEPGY 

Voth. X.O. ,  Parrish,  W . 3 . ,  (:IBS, 3oulder ,  CO, Cqoqenrcs  S iv . )  , 63 ?. Xug. 1971, G 2 A 1 ? 8 0 2 ,  
Zest .  no. YBSi3-77-362, p r o ~ e c t  no. XBS-27501j3 
Xvai1:NTZS 
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U b y r  of  ?%-Ti i n  both t!x zr r5ur tzed  a x ?  uncarburized c m d i t i o n  weze chosen as :he 
model = + = r i a l  t o  s i s d a t e  i n t e z x l  :rapping o f  bydzoqen. zic:ostz-xtzre c3azac t s r i za t ion  
revealed t h a t  a l l  a i l s y s  :ensrstec'- 3f a f s r z i ze  natzir, i n  ' inith f r a e  s u . $ s t i r x i o n a l  
titanivxa atoms and t i ca im carb ide  ? a r t i c l e s  were ; resent .  
d i s t h g u i s h  bezxeen reve:oi2la t r aps .  x c l a s s r f i c a t ~ c n  02 =he t r a p s  i n  39,- 3Z s=rengt t ,  
densi=y,  occu?accy, 3nd r e v e r s i b l e  chaz3cter vas then obtaincc.  3ased :?on t h e  cesu l=s  ?f  
trap =?arac=e:xatron, kyckzqen wbri:zlenent of  F's-Ti alloys xas :Zen examined. TSe 
k i n e t i c s  and o r - e n t  of s t a t i c  hydrogen e , l j r i t z i sZent  w a s  bots  t h e o r e = i c r l l y  nodelled and 
e q e r h e n t a l l y  h v e s t i g a t e d .  The b e s t  alloys were those  with a f i n e  d i s t r i b u t i o n  sf 
ir tcversij le TIC part ic les .  q x a l i = a t i v e  =ode1 was sroDosed :o c -q l3 in  t he  zeasons f o r  
t!!is. Last ly,  set3 of crrzozia w e r s  grocosea f o r  tbe Cesiqn of alLoys t h a t  xould resir= 
bot? s ta t ic  and dpamic Sydrogen emoritzlement. 

Tochniqces were develsped zc 

(ALLOYS, rMICXOSTPUCTUX i T I T A N I N  CARBIDES) 

978 40302 'XI3 PILW ATOMC TIDROGZX DCECTORS 

Grubat, C.L., (S. Dakota School of .Fries and Tech., Dcpt. of ~ q n n g . ,  ?mapi9 C i t y ,  SD) , X M X -  
CX-L52505, XXS5-23470, 3 3  3 . .  ;una 1377, STXRLS24 
Avail :.XTfS 

T h a  film and bead t i i e r z x t o r  atomrc surr'acs rscombination byCrgqen d e t a c t o r s  were 
i nves t iga t ed  bock s -e r ioen ta l ly  and tk ieore t tca l ly .  Devices *der5 const:uctad on a thin 
Xylar f i b  subs;=ate. Us&?q s u i t u l e  'Wheatstone br idge  tochniaues ,  s e n s r z i v r t i e s  of  30 
sv/2 x 1013 atoms/sec ara attaraable w i t 3  response trne constants on t h e  s r d e r  of  Zive 
seconds. 

(ZfEXSURISG XSTRUrXEXT, SENSITIVITY) -. 
, 

I 

I 
I Istizg, C.,  (CZlemisctle Merke S u l s  Xg, .Yarl, Meat "uamany), :at. Xorkshop on Sydroqer? t z d  

I -  Assoc. Ces fngenieurs  Z l e c t z i c i s n s  Sortis de L ' I n s t i t u t  Slectzotechnique Xontefiore,  i977-, 
X78- 138  37 

A hydrcgen. d i s t r i b u t i o n  system, which includes 975 LZI of  j i p e l h e  between 23 chernical 
and j e t rocke r t i ca l  3lants in t h e  %!L?e-Xuhr are=, LB Cescribed. T h e  hydrogen is  7roducad 
by p k - t i a l  ox ida t ion ,  s l e c t r o l y s i s  of water ,  ca t a ly%ic  c r i c k i n g  of  .Irethane, o r  coa l  
g a s i f i c a t i o n .  I t  is  used  to z n u f a c t u z e  such Fr2ducts a s  ammonia, % e l  gas, and ae thanol .  
Venticg techniques t o  ? revent  explos ions ,  leakage - -=s t ing ,  insu lac ion  for tse a i ? e l m e s ,  
t h e  automaric Lize r ~ p v z e  snuto t f  va lves ,  hydzcgen d i f f u s i o n  i a t o  the  g ra in  boucdarics 
of t h e  a i p t  .a ter ia ls ,  government r egu la t ion  of t h e  d i szz ibu t ion  network, and the  csn:ral 
c o n t r o l  f a c i l i z y  of t he  ? i g e l i a e  neisiork are considered. 

(ENERGY TECSXOLCGY , SAFETY ?ACTORS 

c 

I its Pe r spec t ives  Proc., i i q e ,  3elqim, (X78-13825 0 6 - 4 4 ) ,  V 1:22, Yov. 15-18, 2976, 

j 
I 

:, - . 

I 

. _  

- - . -  5 7 3  43005 .%TAL XYDRZDE STORAGE FOR HY3ROGZX-FL'EiSD GaOUND vE3ICLZS . 
3r20~1d.n. Z . X . ,  Ailen,  C.X., ( 3 a t t e l l r  Colunbus :an., C o i w u s ,  O H ) ,  .\letall. :later. Tech., 
7 93253-25a. ~ 5 ,  Y a y  137; 

< .  
Yo a n s t f a c t  ava i l an la  - 



. L ._- 

I 

- .  .. 

373 J30C7 III TSL ?OR!! OF .KETAL XN 

43011 

Gales, C . ,  Ptrzoud, ?., (Corn i s sa r i a t  a L ' f n e q i s  x:omique, C+ncre D'Etudes Xucleairos  te 
;renohie, Crenoole, i r a z c e )  , Tat. Xorkshop on 'JyBroges and ics  ?erspecti7res ? roc . ,  Liege,  
Belgiua.  ( A i 8 - 1 3 3 2 5  36-41), '7 i : 3 4 ,  Xov. 19-19, 1076, ASJOC. ies I n q e x e c s  Z l e c t r i c i e n s  
S o r t i s  5e S'Inst'Zrrc 3lec:zatecknique Xontef icrs ,  13i7, In  ?ranch, A73-13845 

TSe c o s s l b i l i z y  of u s i zc  i . a N i j 3 . 5 ,  ? e T i 3 2 ,  o r  ~ g H 2  as a e t a l  hydride scoraue systems 
?or hydzogen-fxeled automobile engines is discussed. 
aaqnesi.m-nicke1 hyL-ides ind ica t e s  :hac they ?rovide 3ore seab le  s torage  syseems than 
pura aaqnesiun kydzlces.  
a r ing le-cy l inder  zo ta r ,  originally dcsiqned f3r use w i t h  a i r -qaso l i ce  s ixzu res ;  a four-  
c y l i a i e r  engine,  ;codi,5ied t o  zun on an.air-hy&rogen nixtxzo,; and a gas turbi+e.  

A stu6'l of nagnesium-czuper ana 

Several  t e s+  engines enployizq hydrogen i x e l  have been developed 

378  42009  ?Cu.AX4TZON, CIWiVICTSRIZA'XON, .Xi0 USE OF . Z T U  TL9RSDES FOR iUEL SYSTSIIS, 
Progress  Report, Sagt. 1, 1976-?ray 3 1 ,  1977 

Ser l ey ,  7 . J . ,  ( S t a t e  'Jniv. of  XY at Stony %oak, 5ept .  of X a t e r i a l s ,  Stony arook, !W, . ,  
90 ?., Yay 1917,  CcnL-bct no. LY-75-S-92-2115 
A v a i l  : NTIS 

aluminum hydride have beon dete-m?ed i n  the  t ex r re ra t ce  range 125-155 C .  TSe ro,sulcizg 
ac t i - ra t ion  sne rq ie s  for :saF=zadiated rnater ia l  fcr  t.ie inductLon, a c c e l s r a t o r p ,  decay, and 9 

slow f i n a l  ra ts  -der¶, :especrlveJy, 116 .3 ,  ?4.3 ,  87.1, and 11.3 2 4 . 6  kj/nrola. For 
p r a i r t a d i a t e d  ?owders (1.25 x 102 rad) , activaizion energ ies  50s the iame ?ez i?ds  were 
1 1 9 . 0 ,  9 9 . 5 ,  30.5,  and 10 .0  I 4 .  S kj/r.oie, respec t ive ly .  AdnuxtQre with aowdezed a l m i n u n ,  
n i c k e l ,  and f i n a l  r eac t ion  aroducz d i d  'ot a Z , c t  :he subsequent t h e r m 1  decompos;:ion. - 
S q o s u r e  t o  d r y  ai= and carbon 5ioxz2e i o  z o t  a f z a c t  i-3.s <econposition, but tsro-miaute 
c-xposure t o  s a c x a = a d  xaeer *rapor :educes t t e  aercsncige iecompositron 2 y  ~lmose 50 
3ezcant .  

The i s o c h e n a l  decomposition k i n e t i c s  or' lmizradia ted  =ndi:z3diated ?owdezed 1i:Si.a 

- . .  . .  - 
(HYDROGLJ OTOXXGZ, 7YIIOLYSiS , .&Di.ATION ZFFZCS) 

R78 4 3 0 0 9  .APPLIUTICNS OF .STAS., SMRIDES 

Reaily, J.J., (3rookkaven X a t ' l  Lab., Ugton, XY) , rapt. no. CONP-776823-2, c o n t r a c t  no. 
SY-76-C-02-0016, 38 s., Aug: 1977,  Z n t .  Symp. on Hydrides Tor Energ Storage ,  Gei lo ,  
Y o r a y ,  Aug. 1 4 ,  1977, GXA11807 
Avail  : - V I S  

The p r a c t x a l  app l i ca t ion  of setal hydrides i 3  discussed w i t S  ;Jri.aary enphasis  on 
t ! C k  *is8 as nnery-  storage .nedra. Speci2ic  applLcatrons x c l - d e  automotrvs,  uta1ic:r Iqad 
l e v c i ~ n g .  :ktC--=l stozage,  ana sy6ti-h zompressors. 

(C3MPRESSORSI 9Y3ROGZX STORAGE, PUBLZC LTILI'XES) 

3 7 9  43010  X SEW ?.A,,LY OF ZYDIROGEN STORAGZ ALLOYS 3ASED ON TXE SPSTSW ?IICXEL-:XISCHAXET>-L- 

fandzock, G . 3 . ,  (?aul  D.  Ye rzc i  4es .  Lab., 1st. Xickel C o . ,  Z x . ,  S t e r l n g  ? 'orest ,  Suffsrn, 
XY) , ?roc.  of - A  -..e 1 2 t h  In ta raoc .  tnerqy Conversion Enqng. Csnf . ,  V ::951-953, 19 rsfs, 
AGO. 18-3ept .  2 ,  l .377, A,,,. Xucleaz Sac., La Grange ? a r k ,  IS, IZ:ZS, a t  al., Xashz?gt?n, 3 . C .  
Avail : I ~ E  

X new f a m i L ' j  a? low-cas-, .a+ s toraqe  compounds Jasea  cn =:?e tornula :axX~-&j has 
aenn developed. Y is :Ce sz3cdar-i ra re  sazzh a l l s v  mscnmer i l  z d  :c can ae m r l s d  fr-rn 

C.?LCIUX 

Q 

I 

- * -  

. -  

e 

19 



usrnq a six-incS-dimetor by ?O-inch-Long test 5ed ,  c3ntainizq 8 4  13 of F e T i  3lloy. 
Sydrogen reacts u i t h  :!ais a l l o y  ?I: orl'L?ar;r zenFerarruas, vi=h t h e  rs isase  of heat,  
sroducinq zhe hydride ?%Ti+, and tyckogen is :%leased by 5eati25 tSe +ydride ~2 teconpose 
it. 
flow races of 40 to i o  t:andazd Iito,rs ?e= 3inuts ( S X W  cculd be s u s t a n e c  were 
dettrained. 

In  the six nydriding-Cebyd=i~i-c cycles :kat xere stxdisd, tSe :ines that hydrogen 

BYDROGZX ?RODUCTION , G F - ? u i C  S L P C I )  

I -  . .  ., 

. 
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Taure, X.,  (L 'Xir  L iqu i l e ,  ?aris, Brance) ,  =at. xorkshcp on Xydrogen and i ts  Perspec t ives  
Proc., Liege, 3elglu1, (X78-18826 06-44), V 2:24, YOV. 15-13, 1975, XSSOC. des  Izgenieurs  
E lec t z i c i ens  Sor=is C e  L ' I n s c i t x t  3lectrotec.hnique Yontefiore,  1 9 7 7 ,  In  ?rench,  X79-1385a 

Cryogenic and combustion hazards assaclaced w i t h  :he u s e  of l i q u i d  hydtoqen axe 
examined. Cryogenic Sazards inc lude  c o n t d n a t i o n  by condensed ai:. excess ive  ? ressuzes ,  
damage t o  e q o s e c  a a t o r i a l s .  m d  human t i s s u e  cescruc t ion .  ?rocedures a r e  considered f o r  
avoidinq the fo.mation of flanreable n ix tu res  i n  l i q u i d  hydrogen conta iAers ,  3r i n  =!e 
atinosphere, and for a v c i d i i g  i g n i t i o n  sources. S a f s t y  i s a t u r r s  f o r  s t o r a c e  sites and 
netiicds of f h j h t i i g  hy-ogen f i z e s  a r e  discPssed. 

(BIOLOGICU.  ZF-CPECTS , SAiAZAiiDS, U G Z )  

m ..- 

. *  
8 7 8  SO004 POLLSTTION CONTRCL 24 GZOTE12,9MAi ZXEBGP 

Har=ley, R . ? . ,  ( I n d u s t r i a l  Snvizonmental Xes. Lab., US Snvironmental P ro tac t ion  Agency, 
C i n c i z n a t t i  , OH) , arsc. of the 12th 1ate:soc. Zzezqy Conversion Engnq. Ccnf . , 77 1 : 607-0'13, 
12. r e f 3 ,  Xuq. 20-Sept. 2 ,  1977, Rm. ZSuclear SQC., La Grange ?ark, IL, ZZEZ, et a l . ,  
Washington, 3 .C. 
Avail  : IZSS 

sgent  -;eotSerxal il.;id being r s l eased ,  ? o t a n a a l l y  c o n t m i z a c e  :he a i = ,  su r f ace  .daters ,  - 
%id 9zour.d itacsrs. Xaters nay -e n i q h l y  s a l ine  and con tzx i  x e t a l s  FA hazar5ous 
concent ra t ions .  
z t i n c l 2 a l  a n t i c i l a t e d  Liqcid disaosal nethod is zein: e c t i o n  t o  the ?rodcciag r e se rvo iz ,  
for r h i z n  r e l i a b l e  z e c k o l o g r e s  nus; b e  ievslapec.  :Jat=r tzeatnent tor suz iace  2ischzrqe - 
could Se aossibie, bu t  cast1y, alzhougn xunerals recovery miqnc be  o f f s e c z h g  in some 
cases .  T h e  p r i n c i l a l  a i r  ?olAutant of ccncezx is hydrogen i u l z i d e ,  alzhough such 
c o n s t i t u e n t s  as umonia ,  zadon. and nerc*u-I may also be  oicjnificant. Csns idersb le  
develooment and demons=-atlon is  under way for hyL-ogen s u l z i d e  :emoval, resource 
c b a r a c t r r i z a t i o n  2ata a r e  a o t  ye t  s u f z i c i t n t  ? r e d i c t  :he f u l l  range of p o t e n t i a l  
? o l l u t i o n  ? roblens ,  2 a r t i c x l a r l y  for the widespread ana v a r i a b l e  . liquid-dominated resource.  

(DETECTZON &XU CONT30Lr SUZFACCE WATZBS) 

l o l l u t i o n  ?roblems oc=*Jr i n  q e o t k e m l  +ner?y Zevelopment kecause  Large voiwes of 
. .  

!roncondensiiale gases azs  of  j r s a t s s t  c=nct:r~ in a i r  dis&ar;es. The 

- 

H78 50005 SZIFETY TZCXXIQLiE ASTECTS OF YYDROGZN T:EC'JNOLOCP - -. :- 

?e.nnings, ? .  , ( T U ~  L.Seiiland, KoeL?, -,-any), Gas Xasserfach, Gas-Zrdgas, V 5;3:230-235, 
X 6 ,  June 1 9 i 7 ,  :n G s r r ~ a n  

SO a b s t r a c t  a v a i l a b l e  

(IIIDUSTEIXL ITAXTS, ?9UODL'CTIOB, STOTUGZ) 

. _  
?%any, X.X. , 3o&-;eois, S . ' I .  , Cain, X.C. ,  (Lockheed-Scntsville X e s .  and 2:ngnq. C a n t i r ,  - 
XcntsvilLe, .Xi, ?roc .  or' t h e  12th In t e r soc .  Z z e r q  Cocversion Zsgnq. Conf. ,  '7 1:646-66?,  - 
25 refs, Xucj. 23-iept .  2 ,  L377, ;cm. xucleaz S ' O C . ,  La Zrsnqe ? a t k ,  I;, ZZsZ, SC- a:., 
Xashis-on, 2 . 2 .  

J 
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S y r e t t ,  a .C. ,  Jones, Z.L., 5 a n i e l s .  X.S .S . ,  ( i t s f s r d  Res. Xst., Xenlo oar!<, CX) ,  Int. 
Korkshop on tfydrsqen and Lts Pczspectives PIOC., Liaqe,  3 e l q i 7 n ,  (X7a-L3826 36-44) , ' I  L::2, 
Sov. 15-16 1976, Xssoc. des Lnqenreuzs Z l e c t r i c i e n s  S o r t i s  de L' Instrzut Elec t=otecnzq-Je  
.Wntsf iore ,  1977,  3 7 8 - 5 3 8 3 9  

3esearck i n  sxg?or: 3f a Laz:e-scale hydrogen f - e l  ? roduct icn  system ?rO;ected t o r  
isplementation i n  :he 75 by  2020  i s  descr ibed.  1I;grovementt sn = o r z s s r c n - r s s i s = m t  
ma te r i a l s  for anodes, t h e  deveicpment of separzior  ma te r i a i s  WIZS high conduc t iv i ty  m d  
good 2erfornance t o  about 200 C ,  and t h e  development o f  iae:qe.?sive ao lpners  f o r  c e l l  
traxnes at* <iscussed. in a d d i t i o n ,  the need f o r  gas d i f f - i s ron  s l e c t r s d e  s t x c t ' i r e s  w i t ?  
h igh-efzec t lve  e l e c t r o d e  areas, a s  well as ac t ive  rionnoble e i e c t r s c a i ~ l y s t s  f o r  5oeS t he  
anode ,and cathode, i s  aentioned. For solid - ,ol*per  e lec t=a lyzezs ,  inexyensive ion- 
cmduc t ing  Zembranes w i t S  h ~ g h  i o n i c  m n d u c t i v i t y  and tamperature f e szs t anca  a r e  required. 

,._ (ELZCT.90CXTALYSTS E L Z C X O D E S ,  7RODUCXCN) 

.. 

E178 5 2 0 0 6  S C I 3 K 3  YATZRSXLS ?OR '=HE DCJZLOP%XT OF ENZPGY C?NWXSSSON AND STOFSGZ OEVICZS, 
?toqrsss Xeport, J a y  1, 1976-June 30, 1977 

. *  
( I l l i n o i s  Univ., UrSana-C~amuaign, TL, 6Xattrials Xes. Lab.) , l5J ?. , CGO-1198-1181, 

Avail : T C I S  
The meckanical a r o c e r t i e s  of .netal5 and a l l o y s ,  fractLre-,  cor ros ion  of  metals, the 

d e f e c t  and c a t a l y t i z  ?roperties of oxides ,  m d  tibe s t x c = u r e  o f  jol:mers ar.d l i q u i d s  were 
i n v e s t i g a t e d .  Emphasis w a s  ? l aced  an the :ole o f  Light i n t e r z t i = f a i  alloying acent3 i n  
a f f a c t i n g  secban ica l  ?roper-,ies or' metals w i t h  ? a c i c u l a r  a t t e n t i o n  t o  hydrogen as an 
enbr i t t l emenc  agent. E lec tzonic  p rcpe rz i e s  of ghospi..ors, semiconductors, dichalcoqeniae - -  
l a y e r  com?ounas, hydrocarSon catalysts, and naqnecit  i z q u r i t i % s  were cxamir.ed. 
Crystallize defeczs  -der% s tud ied  in d e t a i i .  9islocatFon aecnanisns  of ? i a s t i c  f l o w  were 
i a v c s t i g a i a d  m d  ?oinr  i=fsc+ s t x c i t s  incl-ded i d f 5 s i o n  ia r i f z a c t o r y  n e c a l i  and quant.m 
e f f e c t s  s n  v a c a c y  x i q r i t i o n  i n  5eli.a-r = r y t a l s .  3f s p e c i a l  i.-,terosc were =;?e d e i s c t  
st?Jct'xss candzc-ivs zo isst inn nnt-Fh?l 12 eu;ezss.?ic cr2.s=-1z ZZZ === zzls.s sf csv~le.ac 
binding ana Cefac ts  iz deta-miiing Lie hrrchess of  the t r a n s r i i o n  metal carSr9e ccmpounds. ~ 

X i 8  - 15 176 

Y 

c - - 
(XLLGYS t CGRqOSION P W - Y T I O N  , SYDROGZX XXBRfTTLLXENT) 
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